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7.1 GeneralThe 
following xample of total systm control ofa 

hypothtical combind swer sysem through theuse of 
instrumentation, automation, and data controldevics, 
has been developed to provide a prcticaldemonstration 

of the application methodologyrequired 
for its implementation. The intent of thesection 

is to examin how an effective control systmmay be 
devlopd.7.2 

Decripton 

of Project ProblemPROJECT NO. 
5468CONTRACT 

13REGULATING 
STATION NO. 

5General This will be locatd 
nar Eight-Mile crek atapproximaely Station 28+00 

on 
th Eight-Mileinterceptor just west of th 

west 
right-of-way line ofHighway 6 out of Ground levation 
isapproximately 885. The Ciy las entered 

into aconract with me adjacent Minneola Sanitary 
Districtto divert of the combined sewage from 

thisinterceptor to a new systm which wilt allow 
hepostponemnt of treatment plant expansion forsveral 

years. Th structure will be similar 
inappearance 

to Station No. 2 for whichwas completed 

this spring. A downstream regulatedweir will 
be 

part of another contract.Head Conitions Maximum 
hydraulic gradient at theregulating 

station influnt will b EL. 870. Minimumgradient is 
assumed to b El. 845. Minimum gradientof th connection 

to the intrceptor will beEl. 820 and maximum 
gradient may approach El.862.Flow Limitations The 

present 
contract imits themaximum rate of diversion 

under any condition to500 In addition, the maximum 
rae of diversionfrom 3:00 p.m. to 9:00 p.m. on 

any day whn thtemperature is 90° or highr is limitd 
to thavrage hourly diversion rat during the 

24 hourperiod ending at 9:00 a.m on such 
date.Equipment The station will contain the following 

items of I- One throttling gat. This gat 
normaly shallremain fully opn for gravity flows 
up to theamounts limited by 

the contract. For higherflows the gate shll then 
be automaticallythrottled to maintain the 

flow within thcontracted amounts.2. One 
mchanically 

operaed check gae toautomatically 
prvent through thcheck gate. This will 

requir no control 

orelectric 

equipmnt.3. Two 12 5-horspowr 
variable speed pumpingunits, each sid to deliver 

up to th contractedmaximum quantity undr 
any imposed 

headcondiion. Eithr pumping unit may be selectedas 
the lead pump wih the other servingautomatically 
as a standby pump if the ladpump fails. 
Pumps shall always start at aminimum sped.4. 

Each variable sped pump will have 
adischarge valv of a partcularly low allowableworking 

pressure. It will, theefore, be 
necessaryto dsign 

the control to prvent a differntialpressur 
across the valve n excss of 10 5. Influnt 

lve shall be measured at Station43+00, approximately 
7500 feet upstream fromthe diversion 

regulating 
station. Conrol shal besuch that a certain 
adjustable low level thergulating station 

will shut down to prevnt anydiversion from 
th 

Eight-Mile inrceptor.6. The regulation station 
effluent flow shall be and usd for fed-back the 

control.The control and instrument designr 
shallinvestigat and detrmine the type of 

metering.The 
effluent conduit will be 36-inch 

concretepipe.7. 
Th Minneola Sewer Disrict plant 

influentscren chamber wet well level shall be 
measuredand telemtered to the regulating station. 

At anadjustable plant influnt high lvel, 
the 

regulatingstation shall be shut down.8. Provision 
shall be made for two incoming services. 

Only onservice is to be installd originally with 
spac forthe second service in the future.9- Gate and 
valve operators shall b 

electric orpneumatic with independent opning 
and closingsped adjustments.10. Pumps, motors 

and controls shal be housedindoos, sepratd fro The 
buildingshall be force-ventilated.Sequnce 

Of Operation The station controls 
shall 

besuch mat the flow diverted from the 
Eight-Mile 

interceptor 
wil b maintained at aset-point rate, adjustable 

betwen 200 gpm and1200 gpm. The sequnce 
should be such that first 
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throttlig gate opns slowly when Eight-Mileinterceptor 
reaches Elevation 1.5 at level measuingStation 

43+00. If the hydraulic conditions are suchthat 
set-point flow can be maintained by gravity, 

thethrottling 
gate sall be automatically positionedto 

effectivey operate as a rate-controller. As the leverises 
and set-point is maintained by the gate nopumping 

is required.If de 
hydraulic conditions are such that thethrottling 

gate is open, the lvel rmains above 0.5feel at the 
level measuring station, and the divertedflow is less 
than set-point quantity, the lead pumpingunit should 
start at minimum sped and rise in speedslowly to 

delivr set-point flow- In this case thepumping unit 
shall continually vary in peed toeffectively 

operate as a rate-controller. Th pumpingunit dischare 
valve should not commence to open,however, until 
the pump discharg pressure is gatrthan the station 

discharge prssur. During theequnce of putting the 

pumping unit on line, thespeed also should be such 
as to limit the differntialpressure across the pump 

discharge valve to amaximum of 10 It may be 
decided not to startth ad pump until the level 

reaches approximatey2.0 feet at Station 43+00. f, due 
to malfunction, thelead pump should fail to start, 

the standby pumpshould be started in a similar 
pump 

and dischargvave control sequence whenever the 
Eight-Mileinterceptor level rises to Elevation 
2.25. n this casthe standby pump is to ffcivey oprate 

as a raecontroler to maintain se-point diversion Th 
two pumps shll nver operate inparalll.Pumping, 

once commnced, shall maintaineduntil the 
EightMile 

interceptor levl falls to .0 foot,in which 
cas the pump speed shall be reduced tominimum, the discharg 

vave lowly closed, andfnay, the pumping unit 
stoppd.High watr level at the Swr DistrictPlant 

No. 1 shall override all controls 
and shut downthe regulating station by stopping 

he pumps andclosing th throttling gate.In case of 
power failure, an over-riding controlshall slowly 

close the throttling gate and 
pumpdischarge valves.Arangmnts shall be made 

for th futuremonitoring of station equipment 
status 

and 
alarmconditions 

at th proposed Operations Control 
Centrwhenever it is designd.Miscellaneous During 
th first years of operation it isanticipated that 

th 
rquird quantity of 

divertedflow by gravity through the regulating station 

willsometimes, 

under certain hydraulic conditions, not 
beof sufficint quantity to fill the 

interconnectingconduit 
during normal contracted flow rate.Therefore 

the flow metr must not be of a designrequiring a 
filld pip Flushing water will not beavailabe 

for svral years.The fina slection of the 
throttlng 

gate andchck gate has not yet ben determined.The 
plans and specifications 
must be completedin eay June be eligible fo 

appropriationsapproved for this project. 
Plans and specifcations are80 prcnt complete. 

Rather than delay the projec,certain detailed 
faturs of equipmnt may have to bemodifid and covered by 

chang order after award ofcontract.7.3 Project 
RequirementsThis s common situation. The project mustmee 

a certain dadline. The problem is defined. 
Thsolution 

is 
somwhat hazy, however, 

dependin uponth ingenuity of h control and 
instrumentationdesigner together with those of each of 

the otherdisciplines involved.At this point th 
designer will begin to conceivethe parts and thir 

rlationship to the whole. Theseparts or subsystems 
will be reduced to 

functionalblock diagras and schematics. These 
subsystems 

willthen be put into geater systems unti all 
arecombind into one system. is not feasible or 

practicabl in many cases towail until all of th necessary 
deails ac resolvedbefore proceeding with 

th 
schem of control. In 

thiscas, it is rcognized that some suitable means 
formetering flow must be determined, and that this 

maybe 
a real hurdl but for the purpos starting thcontrol 
schematic this is assumed possible and hedevelopmnt 

of the scheme is taken from the point ofa mtering 
signal representing flow. Th controldesigner can 

mak other assumptions loo, such as themeans of 
varying th speed of th pumps. In this caseit can be 
assumed that som typ of slip coupling canbe used 

for speed rgulation; then, if some othermans of 
variable 

sped drive is seected the controlschm can be modifed 
to confom to that particulardrive cicuity.It may 

be, as in this case, that the throttling valveand 
check gate may not b dfnitely dtermind sto typ, 

manufacturr, etc.; however, th controldesigner must assume 
that such 

equipmnt 
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ound and that it can driven by standard 
typopratos. 

Again, te control dsignr ay hve somemisgivings 
egarding the ydraulics, as defined in hememorandum; 

howevr, h mst procd upon theassumption that such 
information is asonablycorrect or will be 

colectd. It also must be assumdthat suitable means of 
links, such aslased elphone lines wil be made 

available, 
thdeails of which can be ascrtaind latr. All 

of this issimply o show that the instrumntation and 
controlscheme can be commenced early in design stage, 

as 
icerainy should b, since its development points 

outmore clarly all of the special requirments of thesystem 
quipmnt.The control designer will choos from his 

pastexperienc 
whther to us as a basic contro mediapnumaic, 

hydraulic or ectric devices, or perhaps acombination 
of such instrumnts. In this particularcase. he chooses 
o use both pneumatic and electricsystems with some 
hydraulic devics for timingcontrol.For those who 

arc nterested in examination ofyet more deai 
that 

must 
be conceived, an exampleof the functional block 

diagrams and schematics forthis hypothetical 
project 

is shown in the followingfgures together with 
a written dscription of theactual performanc of each 

particuar elementmployd.Th block chart is a 
typical 

xercise in the logicthat must be conceived 
and 

empoyed 
in the designdevelopment of a control scheme. 

The diagra isused to describe th instrumentation, 
whreasschematics are usd t describe the 

elctrical 
ircuits.By refrence to these diagrams 

whil 
reading thfoowing sep, one can follow the design logic 

used.No two dsignes would necessaily arrive at 
the sammeans of solution. For exampl, whereas this 

soutionhas used a considrable number of pneumatic 
conroldevices, the problem could be solved using almost 

alllectric and lectronc equipment.I has been assumed 
tha the station would bestbe designd to function 

automatically with ocalcontrols, then 
to superimpose th necessary remotcontrol featurs 
after this local automatic mode ofcontrol is 

fuly explored and developd. This israsonabl since 
the staion must b constructed tobe operable locally 

for such contingencis as loss ofremote control 
facilities, or evn o be opratd priorto the construction 

of the Central Operations Center.Details, such as 
time of day that crtain rats mightbe allowed arc also 

disregarded at his stage of thedesign, since thy too 
can be assumed to besuperimposed on the basic scheme.Th 

folowing describes the for both the and th 
loca-manualcontrol mods:Auomaic Control1. Th 
Eight-Mile intrcepor waste 

levl.measured 

over a ve-foot control range forcontol accuracy 
only regadless of overall deph,is telmerd from th 

measuring station 
to atelemetring 

receive the reguating staion.The telmering 
receivr is quippd wihadjustable contacts for 

control circuit switches,as follows: Normally opn 
contac, closes onrising level at 0.5 feet and 
remains closdabove. This contact prevns pumping 
whenthe interceptor level is below Normally 

open contact, coses onrising leve at 0-foot 
and rmains 

closedabov. Thi conact prevents pumping 
when(he interceptor lvel is below 0-foot. 
Normally open contact, closes onrising 

level at and rmains closedabove. This 
contac prevents the rgulatingstation 

bginning operation until theinterceptor levl 
rises to Normally open contact, closes 

onrising lvel at and remains closedabove. 
This contac prevents the beginning 

ofany pumping to commence until the leveriss 
to 2.0-fect. Normally open contac, closes 

onrising level at and remains 
closdabove. 

This contact prevents any 
standbypumping to commence until the 

level 
riss to Normally closed contact, open 

onrising level at and remains openabove. This 
contact can be usd formonitoring and 

alarm 
of the levl 

measuringequipmnt by sensing an essentially 
zerolevel asuremnt.2. The swage treatmnt 

plantinfluent wt well level is masurd 
andtelemetered to the rgulating station. 

Thereguating 

station is not to operate during 
thlime 

(hat this plant is over-loaded. Contacts 
aretherfore provided in the plant 

level telmeteringreceiver for use in th 
control circuits. Only onecontact, 1, 

which is normally 
closed andopens on rising level at some 

high level setting isrequired.3. A rise 
in waste water lvel on Eight-Mileintercptor 

to 1.5-feet closes reciver contact125 
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which is in series with the plantlevl receiver 
contact STP-1, to comple acontl circuit 

through relay R2 to enrgiz relayR2.4. When rlay R2 
is 

picked up (enrgizd) itseals itslf in through 
on of its own contacts R2so that it will rmain 

nergized until power to therelay is interrupted by 
either 

a fall in the levl to 0.5 feet causing 
the levelcontac to open or high level a the plant 

tocause contact STP-1 to opn. l should be 
notedthat 

relay R2 has a number of contacts whichwil 
be called upon prform various functionsand 
that relay R2 act as sort of masterswitch for 
placing the staion into srvice and fortaking 

it out of service.5. On of the relay R2 contacts 
will 

close whenth rlay is 
energid to energize solenoid vaveA" tha conncts 

the station rat outputsigal to rat controller No. 
3 which in turncontrols the position of the 

throttling gateallowing flow by gravity through 
the staion a acontrolled or regulated rate 

as 
required by therat setter. Relay R2 contacts 

also partiallyenable circuits, that is thy hlp to 

st upcircuits, for solenoid vaves IA, B, A 
and 2B,on pmping units No. I and No. 2 

respctivly,should their opration becme required.6. The 
throttling gate, the and thecontroller 

function- 
as a rae controller under thiscondition 

to maintain th set-point flow rate 
asdtermind by the rate seter. The rae settrdevelops an 

output signal representing the dsirdrate of flow. 
Conroller No. 3 ecives this signalas its input 
and compares it with the fedbacksigna which 

represnts 
actual ow. The ouputof controller No. 

automatically 
varies asrequired to position the 

throttling gat to thatposition necessary to esablish 
an actual flowsignal equal to the 

se-point 
signal. Under thiscondition the actua is 

qual to the desirdor set poin flow. This is 
refrred to as closedcontrol oop with feedback.7. If 

the Eigh-Mile interceptor level falls to alevel 

below 0.5 feet reay R2 is denergized,switching 
th 

controller input set-point 
signa lineo exhaust (zro flow signal) causing 

thethrottling gat to close to satisfy th ero 
fowsignal. This, in ffect, shuts down the station,after 

it normally has functioned by gravity 
flowfor a period, without having entered 

pumpingstage.8. 
If th desired (st-point) flow cannot 

bemaintaind by gravity fow through th throlinggale, 
the gat obviousy will have reachd thefully 

open 

position, since is positioned to tryto satisfy 

controllr No. 3. In this situation thediverted 
flow signal pressure will be less than therate 

sttr (set-point) signal pressure. By snsingth 
occurrence of this condition, th sensor canbe used to 

initiat pumping. This sensor isdifferential prssure 
swich "A".9- Differntial pressur switch "A shall 

be setto close a switch contact whenever the rate 
settroutput signal exceeds he flow transmiter 
outputsignal by approximately 
1.0 10. The switch contact of differential 

prssureswitc "A" connected in series with a throttlinggate 
limit switch, which closes only when thgate 

is fully open, energizes the 
time 

delay relayTD2. This time delay elay is to 
prevent startingof a pump unlss this condition 

lasts for arasonable period.11. The time dlay 
relay TD2 is adjustable from0.2 to 3 minutes th 

throttling gat is opnand th rate of flow through the 
regulatingstation is lss than the desired 

(set-point) rate 
fora period equal to the lime delay relay 

setting(one 
minut, for xample), he time deay relaycontac 

TD2 closes pick up rlay R3.12. Relay 
contacts R3 close to complt thestarting circuits of 

boh pumps. It will notcomplet the starting circuit 
on the pumpselcd as "standby"; howevr, it 

wil completthe starting circuit for the 
pump sected as providd there is sufcient 

suction leveland tha the second pumping unit is 
not runninga condition which could occur, 
for example, if ithas ben started under manual 

control). Theseconditions are imposed on th 
starr circuits bythe series connction of contacts 

and 2 inPump No. and contacts Rl and Ml in 
PumpNo. 2.3. To insure tha sufficient water lvel 

on 
theinfluen to the rgulating sation xists 

frpumping, a levl switch installd on the suctionpipin 
closes its switch contact at a measuredwatr 

dpth of and above. This switchenergizs 
time 

delay reay 114. The tim delay relay TD1 is 
adjustable 

from0.2 to 3 minutes. This relay, when 
enrgizedcloss its contact TD1 instantaneously but 

whn th contact will delay opening for aperiod 
equal to th tim delay relay stting (onminut 

for xampl). Thus, loss of 
influentwater level must be susained for a reasonable128 



priod to cause the lime delay relay TD1 contactto 
open. This prevns slopping h pump upon atransint 
fall in water leve during pump sartingthat is 

not sustaind aftr pumping iscommencd,15. 
Time 

delay TD1 contact closes to pickup relay Rl.16. 
Rlay contacts 

nrgize each pumpstarting circui, 
discharge valve conrol circuit,circuits to control the 

pump speed- Thescontacts are usd in such 
a manner that, if apump is mming, loss of 

water levl on thesucton for a defnite period 
de-energizes reayRl, causng the pump to reduc 

speed tominimum, the pump discharge valves 
o clos,and the pump motor to stop.17. Thus 

with suffcient suction water 
levelavailable, closure of rlay R3 contacts 

as slatedabov, starts the "lead" pump.18. The 
pump starts at minimum speed. 
Theset-point signal pressure to the pump 
speedcontroller is conncted to xhaust 

(minimumspeed signal) through solenod Note at 
thispoint that sonoid is still de-energized.19. 

Whn the motor stars, its motor statrholding 
coil 

(Ml or M2) is sealed by respeciveauxiliary 
(Ml or M2) startr contacts (MI orM2)in seris 

with a Stop" push-button contact and aknee action 
limit switch on the pump dischargvalv, thus 

liminaing any further ffct of timedelay rlay TD2 
and relay R3.20. The closur of eithr pump motor 

starraxiliy contact (Ml or M) 
picks up solenoidB, which switches the pneumatic 

t-pointsignal of the sped controllers (No. 
1 and No. 2)from exhaust prssure (zro flow 

signal) to thrate sttr signal pressur. This forces 
thepumping unit always to start from 

minimumspeed.21. 
The pump discharge vav is not to 

openuntil the dveloped pumping had xceds 

anypossible 
station discharge pessure by 5 Differential 

pressure switches IA and 2A onpumps No. 
1 and No. 2, respectively, clos thircontacts 
as soon as the pump pressur excedsthe station 

discharge pressure by psi.22. Closur of the 
diffrential prssur switchcontacts (1A or 2A) 
cmptes the control circuitthrough tim dlay 

rlay TD5 contact, deautomatic position of the 
pump"Manual-Off—Auto" switch, relay contact R2,relay 

contact Rl, and the respectiv motorstarer 
auxiliary switches (Ml or 

M2) to thpump discharg valve (VI or V2) 
controlsolenoid (1A or 2A) and rlay (R5 or R6) 

onpump No. 1 or rspectively, to 

initiaedischarge 

valve opening.23. When the pump 
discharge valv contolsolnoid or 1B) becomes 

energized, it isimmediately scald by its 
associated relay (R5 orR6) 

contact so mat the pump discharg 
valveconinues 

travl to the fully open position.24. 
Also, during the starting and stopping of apumping 

unit, the pump speed never is alowedto 
cause a differential pressure across thdischarge 

vav in excess of 10 psi. To sense thiscondition, 
differntial pressure swtch (1B or 2B)across 

valve (VI or V2) on pump No. 1 or No. 
2;respctively, closes its contact when thedeveloped 

pump prssure exceds the stationdischarge prssure 
by 10 psi.25. Closure of he differential prssure 

switch(1B or 2B) energizes solenoid (1B 
or 2B)respectively, which switches the 

pnumaticcontrol signal to the 
positioner on the pumpspeed potntometer to exhaus 

(ero speed)pressure, causing the positioner 
to start tooperate in he direction of 

speed reduction. Assped is educd to the point 
where thdifferential across the valv is 

within 10 psi. thesolenoid or 2B) is 
deenergized, 

thusconncting he controllr output back to 
thepositioner for continuation of speed 
control.26. When the pump discharge valve is 

completelyopen, th variable sped pump ogether 
with th and pneuatic controller associatdwith 

that pump then function as cosed controlloop 
to regulat flow at the desired rate 

setting.27. 
If the ead pump should fail to star and 

theEight-Mile interceptor level rises to 2.0 
feet, timedeay lay TD3, which is adjustable from 

0.2 to3 minus, wil pick up relay R4 if conditionpersists 
for a period quivalent to the relay 

timesetting (one minute, for exaple).28. Rlay contacts 
would then clos to startth standby pump. The 

starting sequence of thestandby pump would be as 
described above forstarting of the lead pump. Not, 
however, 

thatth standby pump will not 
start if the lead pumpis running because of 

th 
interlocking starter switches (Ml o2).29. As 

the hydraulic conditions vary, the variablsped 
pump may go to full speed if ncssay totry 

to maintain the rate-set flow.30. Also as the 
hydraulic conditions vary, thevariable speed pump 

may reduce sped to a129 



minimumyet the flow through the station mightthen 
exced the rate-set (set-point) flow. Whenthis 

condition develops, the station obviouslycould 
perform by gvity, without the pumpingunits. 

In this case the flow transmitter outputsignal 
presure will exceed the rate settr outputsignal 

pressur. This condition is snsd bydiffeentia 
pressu switch which closes itsswitch contact 

whenver th flow transmittersignal exceeds the 

rate setter signa by one 31. Differential pressure 
switch "B" contact thncloss to energiz time delay 
relay TD4, whichmust be nergized for period 
(adjustable from0.2 to 3 before its contact 

closes; hence,station flow greater than the requred 
set-pointflow for one minute, for example, will. 
causerelay TD4 contact to close to pick up 

time delayrelay TD5.32. Time delay relay TD5 is 
one which 
hascontacts that open immediatly when 

energiedand remain open aftr bing denergized for 
anadjustable period of 0.2 to 3 minutes.33. 

The normaly closd time delay relay 
TD5contacts wil then open to denergize the 

controlsolnoid (1A or 2A) which causes the pumpdischare 
valve (VI or V2) to close. Te purposfor 

the delay of the TD5 contacts is to allowsufficient 
time for the pump discharge valve tofully 

close. This relay should be st for a delayperiod 
slightly grater than the tim it takes forthe 

discharge valve to close.34. As the discharge valve 
closes, the differentialswitch 

2B) will pevent sped increase tooccur to the 
point where the differential acrossth valve exceeds 

10 psi, as explaind prevousy,should the fow 
through th station fal belowthe set-point flow thus 

causing the pump speedcontrollr to try to caus 
n increas of pumpspeed.35. As the pump discharg 

valve closes th pumpbypass check gate will 

commence 
to open toallow flow through the throttling 

ate by grvity36. As the pump dischag valve 
movs in itsclosing direction a kne action limit 

switchmountd on the valve will momentarily 
open theholding circuit of the motor starter 

as thedischarge valv passes its 95 percnt 
closedposition, to stop the pump motor. The 
kneeaction switch on the valv is adjustable from 

90percent to 97 percent port closure. 
(The 

kneeaction limit switch on the discharge valve 
isnormally closed an stays closed while the 

valveopns and during valv closure with 
theexception of openig momentarily durin thclosing 

stroke at approximately the position of 

5percent 

valve port opening.37. As soon as 
the motor starter is deenergizedauxiliary motor 
starter contact (Ml or M2) 

opensto deenergiz solenoid "B" which disconnectsth 
rate setter signal from the pump spedcontollers, 

causing the setpoint sgnal pssureto th pump 
speed (No. and No. 2)to drop to xhaust 

pressure (zero speed signalpressure). Thi in turn 
causes the pump speedcontrol potentiometers to 
be rturnd to zerospeed position.38. Controller 

No. 3 is then in control of the rateof flow 
through the hrottling gat, acting againas a 

rate control 
system for gravity flow throughthe station.39. The 

station then automatically returns topumping if requid 
or continually regulates fow through the 

throttling 
gate 

or, if the Eight-Mileinerceptor water level 
fals to below 0.5 feet acontact in the Bight-Mile 

level receiver will opento break th seal-in circuit 
on relay R2, thusdeenrgizing relay R2.40. When 

relay R2 is the solenoid"A" in th station rate 
setter 

output signal line isdenergized, which 
switches 

the set-point 
signalline to the flow control system to xhaust, 

(orzero signal pressure) causing the throttling gate 
toclose, thus shutting down the station.41. Anytim 

during operation, if m Tratment Pant wt wel 
level becomes too high,telemetering lvel receiver 

contact opnsto denergize rely R2 to shut 
down theregulating station.Manual ConrlManual 

contro is provided mainly for chckingthe 
individual station components and for controwhenever 

th Eight-Mile interceptor lveltelemetering 
rceiver controllr 

is out of 
service.. Under gravity flow conditions, the 

throttlinggat may be throttled to any desired 
position 

andstopped and held in that position 
by means ofthe four-position top-Clos"manualy 

operated 
pneumaic selctor switch. nthis case an 

attendant 
is required at the station tomaintain the 

flow within the prescribed limits bywatching 
the (Any time that thstation is on automatic 
rate control his slectorswitch must in the 

"Automatic" posiion.)This manual means of control is 
not ncessary forlocal control of the station if 

pneumaticcontrolr No. 3 is operative, since 
the controller130 



also can be switchd to manual loading stationor 
set-point signal on the controlr.2. 

Under gravity flow conditions, if controllerNo. 
3 is oprative, the attendant may switch thiscontrollr 

from "Automatic" o Manual" andadjust 
the controller output to obtain the dsiredflow.3. 
If 

pumping 
is required, the attndant mustswitch the 

pump mtor starter controls from"Automatic" 
to Manual", and switch the pumpspeed control 
to anually oprated spedcontrol 

potentiometr. 
(Th speed controlpotentiometr should 

be set at its minimumspeed position 
before 

starling the pump.)4. The pumping unit 
is startd by depressingthe Start" push-button. 

This closes th pumpstartr circuit and 
also 

starts the slip coupling tooperat at the speed 
detrmined by the settin ofthe manualy operated speed 

control potentiometr5. The pump statr seals tself 
though itsauxiliary contact (Ml or M2) the 

"Stop"push-button parallel with the 
valve limit switches,(VI or V2), and the kne action 

switchs (VI orV2). (Th purpose of parallel limit 
switches VIor V2 is to permit stopping the pump 

motor if,for some reason, th dischage valv 
fails to opnduring th initial starting priod.)6- 

When 
the pump motor starts, th pumpspeed 

must be increased slowly until the 
pumpdischarg pressur is. above th stationdischarge 

pressure, to cause the pump dischargevalve 
to commence to open. Th diffrentialprssure 

switch ()A or 2A) senses the 5 psidiffential 
and nergies the pump dischagevalv conrol 

solenoid (1A or 2A) and relay (R5or R6) to seal 
the control solnod circut todrive the discharge 

valve fully open.7. The attendant must aise 
the sped of thepumping unit gradually 

during the pumpdischarg valve opening cycle 
to prevnt thedevelopment of greatr 

than a 10 psi differntialacross the discharge 
valv.8. If the pressure across the dischage 

valveexceeds 10 psi, the relay 
(R7 or R8) will pickupand sound an alarm. (This 

will notify theattendant to reduc or at least 
not to increasespeed until the valve opens 

farther.)9. Whe the discharg valve is fully 
open, thespeed of the pumping unit is 

manually controlledto maintain the flow of the 
staion at therquired stag by watching the 

andadjusting the manual sped controlpotentiometer 
accordingly.10. The pumping unt s shut 

down by deprssingthe "Stop" 11 As 

the begins to close th 

sped 

shouldbe reduced to maintain less than 5 psi 
differentialacross the 
valve.12. When the valve is 97 prcent closed, 

thepump motor wil stop.A and s forFuture Operations 
Control Cener.1. 
If relay R4, which actuats the standbypump, 
is enegied and nither 

pup is running,th time 
dlay 

relay TD6 is nergized.2. If 
relay R9, which indicates that the stationflow 

xceds setpoint flow, is energized, thetime 
delay rlay TD6 is enrgized.3. Time deay 

relay TD6, when enrgizd for anadjustabl priod 
of 

0.2 to 3 minutes, will closeits contact to 
transmit an alarm tone via lasedtelephon 

line to the Operations Control Centr.4. 
The divrtd flow rat is telmterd to theOperatons 

Control Center. The recordingreceiver has an alarm 
conac which closes if theflow exceeds the 

contracted allowable limit.5. As noted on the block 
diagram, it s plannedha rmote rate stting 
equipment will beinstalld in the future. 

Obviously 
when this isdon a transfer switch 

"Local-Ren 
should beinstalled to allow th use of 

cithr 
the originalocal rate settr or the remote 

ratesetter.The next stp is to simplify the 
systm as muchas possibl. This particular problem 
is 

an xampl ofjust how complx system might become 
byseemingly relatively simple conditions 

xising whendtermining the design requirements. 
Limiing thworking pressur across the discharge valves, 

forexample, has introduced a number of 
contros,wheras, the selection of a different type" of 

valvemight hav significantly simplified the 
controlschme. As th dsign progrsses, it behooves 
thpersons 

in ach professiona discipline involved 
to beaware of the complicatons they may be introducingby 

their paricular design or slecion of 
equipmntand 

to attempt to simplify th control 
requirements.Once 

the system has been simplified andestablished 
the scaling or calibration of the devces isnecessay. 

This wil involve the selction of the mostsutable 
ranges for measurment with respect tocontrol 

performance. 
In some cases separat metringfor 

control is advisabl, such as the measurement ofwater 
level. In this instance, one measurement isadvisable for 

metering of zero to maximum level;anothe for 
level masurement of the narrow bandover which control 

is to b exercised.131 



Another itm that must be considered is use 
of"live" or dead" zero output signals 

frominstruments, 
as with time-impulse telemetringequipment. 

Arguments can be presented for both;but, 
for a particular application one will be moresuitabl 

than the other.The 
designer must be concerned with accuracy,reliability, 

and maintenance requirments; mustprovid 
for clean, dry air for pneumatic systems aswell as 
for voltage regulated within prescribed limits,for 

electrical circuits together with over-voltageprotective 
dvices.Athough 

nothing has ben mentioned hreinrgarding the 
telephone lines or communicationfacilities, 

it 
must be mphasied that regardless of thdegree of excellnce 

of th cotrol system orequipment, th success 
or failure of the system willdepend upon the 

quality 
and reliability of thcommunicaton 

facilities.7.4 
ComentsThe custome 

must be 
extemely 
caeful aboutwhat is required from the 

control and instrumentdsigner. Almost any system 
control problem can bsolved but the cost of 

implmentation and operationmust not outweigh the benfits 
to th total system-In the development of an Operation 

ControlCenter, the approach is somewhat 
to thatmentiond herein for the design of 

single 
stationcontrol scheme. Here the complete picture 

may berepresnted again in block diagram form 
with eachbock representing certain controlled 

station,telephone exchange, and control center, with 
thinterconnecting lins reprsenting 

thcommunications.channels. The degree of success 
willdepend almost entirely upon the xtnt ofunderstanding 

that each and every on has about 
thwhole system and-all of its component parts. Thismust 

include management, all of the professionalservics 
involved in design, equipment suppliers,contractor, 

and tephone and powe utility132 
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